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I. I NTROD UCTION 

A s tro n o mical c \·id ~n cc has bee n used in the s tudy o f two 
qu estions w hi c h concern geophys ics ~ncl geology. These are t he 
secular motion of the pol e a nd continenta l drift. Astronomical 
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theory cannot pro,·id c: informatir,11 ,,11 ti,, ·-,· 111.,t t,·r- f, ,r t Ii, 1 •·11 1• ,t, · 
pastor forthedis tant futu n· .. \ , tr,,w,1ni, ., ! ,,l,,, ·n ., t1,,11 li••"·1·\·,· 1·, 
can pro\'ide dc:t c.: rmin a ti ,,n, of ;i- tn ,11.,1111, ., I l.1tIt11 1 I,· .111< I I, ' 11 :..: 1 t 11 ' l, · 
f . f . l \ I . f I · It 1 •r• ,,·id,·-o t a t1on o rd1ffc.: rc.:ntc·poc1, .. ll,llt,1\·-1-•• 1 ,,· 11·-11 - . 

indicated change:~ in la titud" .rnd l111 1i,:1t11,I,·. I d," - 11, ,t 1i, ·,· , ·--., ril_\ · 
follow, howc.:n·r , th a t if c h ang•·~ in lati t 111!,· .111<! !, ,11 c: 1t11• !, · .,rt· f, •llll<~ 
the stations ha,·e rnon·d. Tl w ,·!1 .1nt:• - 111.,,· !11 ,Iii, · ' " ,·r r, ,,·- " 1 

ob crva tion. 
A compari ;,on of tlll' la tit11 d,·- .,11,I f.,1, c: 11 11,I, - .. 1,t .1 11 1,·d i1 1 t!,i 

century with the \'alu, ·,-, "htain,·d ,di,"' t I ..,,;, , ., 11, I I .., , 1' - 11• •"·- L 1 r .c:, · 
changes for a numhc.: r " f f1t ·ld -t., t i,,11-. ·11w i11d1.-., t, ·d - 1, if t "f 
Greenland in about GfJ , ·c·a r ~ i, .-, , .-," l" tl 1,· \\1·, t ., 11,I :; " 1 " tl1<· 
south. The large: cha~g<· in ],,ngitw l, · 1·.,11 Ji, · . , -,-r il w d t" th" 
rela tively crude long itude· dc ·t< ·rmi11 a1i , ,1i- "Iii, I, ",·r,· Jll'< ·•·--.,n h · 
made be fore th • intrnduc ti1111 " f radi,, 1i111t · , ii.: 11.t!-. ·1 1t, · .-1 1,111 ,-:,· 111 

latitude is expla in c.:d by tlw larg ,· u11c,·n.,i111y in t Ill' 111, · t h, ,d "f 
observat ion used in c;n-" nland in J,- ,11 _ Tl w i11di,·.1 t, ·d - li1f1,- 111 

position were ab c, "'i thin tl1< · ,- rn ,r .., ,,f ,, 1, -.-n· :i t i.,11 i11 " l !1, · r -i111iL,r 

cases studied. 1 
It is known th a t horiz,,nta l and •: , ·rti, ·.il •T 11 - t.il di-1.!,1t ·,· 111, ·111,-, 

ofsmall magni tude do<,cc11r. T lw lw, t k,1,," ·n ,· :,.; :i11qd,· "f rv lati,·,· 
horizonta l di splace m ent in m<Jdt· r n t i11 1,· , 11 ;, , ,,cc 11 1-r, ·, I i11 ti,, · 1· ,_:1<, n 

of the a n Andreas fau lt in Ca lif, ,rni ;1. T ri :111 g 1il :iti"11 111, ·;i,- u r c- 
ments made from 11; (J t" 1i1 -1 , ,-, ! ,,, w r,· l:t t i ,· ,· di-!'L" ·,·1 11, ·11 1,- " f 
about JO ft bctwcc:n th e- t \\·,, ~icl , --, 11 f 1!11· fa1il t ." ~ n, a ll ,·,· rt i,· ;il di ,-
placemcnts , not a b ly in F inland , ! ,a,·,· IH·1 ·11 111, ·:i-1 1n ·d I I\· 1,-, ·, ·l l i n,-: 
operat ions .3 The ind icatc·d u pl i ft f11r l ' inb 11d fn ,lll I !11111 t " I !1.-,II 1,-; 
about 1- ,; ft. 

T ria ngulat ion surn·ys m ade· :i l dif f, ·n ·11i 1· 1i11c li ,-, indi c ;,t ,· th a t 
horizon ta l di splace:m c: nts fu r s t at i(1n ,-, ll fJL l1Jc;1t ,· cl 11t ·ar fa ult ,- an· 
very sm a ll. S ince l ft at t h e s u rfa ·v 1J f Ll1 1· l'a rtli , ·1 p 1;1b :,bo ut 
0"·01 it is evide n t th a t th e; 11111s t rdin <· cl ;1s tr" 11 " 111i ca l 1n l' th ocb 
must be empl oyed in th e st u dy uf s u cl , ,-, liif h. 

In 1890, wha t is n ow the Jn t<.: rn a t io n a l : \ ss1Jc ia ti u11 uf (; cocksy 
est ablished a ch a in o f s ix h t it u d v s ta t i,, n s 1Jll tlw l' ;1ra lkl o f 
latitude + 39° t o d e te rmin e th e; n1 ot io11 c, f LIH · I'" !,· .. \ C<>l11Jll ,' t c 
northern cha in a nd a p a r t ia l c h a in in t il e· s 11utlll'r11 !1t ·111i ,- ph c- r e 
form the Internat ional L a t it ud r· ~c rv ic- , · ( I . I. .~.) . Ohs vn·a ti o n s fo t· 
latitude have a lso been made: a t a n u mbc· r o f inclqw 11 dl' 11t s tat io n s. 

1111 
,J · < 1. 1 . \ !, \lllTi <l :S: ()J' TIIE 1'01.E 

lti , 11 . f I . r·tlll'rn l . l .. :,; .,., 1a (i <ln,.hm,·,, , ·,• r. t ha t areo f 
lt · 1 ,·,1 iJt...., 11 t lt J1 0 . 

Pr-inci 1 . . · , 111 , 1\·ii u.: th,· s,·n d ar lll<lttnn (l f i hc pole . 
. . p ,t 1nq 1c1rt .111< I ' 111 . · l · 
I Ii, - 1... . 1 · 1 i11 n 11f t 111 · l'" I, · < ,·1·1\·, ·cl fr"m result,- o f ., 

1 .l,t Ill 1, . t It ' Jl<'..., I . . . ' 
<.· l1 ~1in i, f tl 1r1 ·1· ,, r ,1111r1 · ... 1:1 ti1111 ... 1:-- 11 1C l1 ·JH ' Jldl' ll~ ,1f c.'Tro1·~ in po:-;it io n :-; 
;111<1 1,1. . f th, · ,-, t ar:' o h,-,·rn ·d . if t h,· same s t ars arc 

1 , J )l' r 111 1, 11 c 111 -.. c ► . _... . ~ 
11 h ,1 T, · I II · 1 . ll ll , ·ach 111!.dit. I h,· sa nw !S l a r, are n t 

t" ( ,I l , I -..{.l l JOI ' . ' . 

a l\\' •,,. 1 1 . II I I ...; s t a11ons lwca ll"L' of \\'c' at h c r concli -
. ' • ..._ I I l-..t • l"\ ' l '(. :t t , l · · .. . . 

t1"11" -1-1 . . f t li, · , t ars arc c<lrn ·c!t·cl 111(L' r11 a lh· ;so t h at 
. . . 11· I It, ..... . t 10 11:-- () . . . . ~ 

.i s _\·111 ll lt· t iT , ,f , ,li-, ·n ·;, t i, ,n '1 ;1,- , ,n IY :t ,-m ;1 II Sl'Cnnd order pftcct o n 
tli .. rJ,. 1 .. 1·, . ·1 . . r tl i,· 1,nk. F t1r indl']w ncle n t :-tal ion, on t h e 

t't p11-...tl l tltl Cl . . . · • 
0 thv 1· li:ind. l l1t·,-1· , ·1-rnr,-; ,·11 t ,· r cl 1n ·c tl _\· n1 . th L' _r·,•s ult s. a n d a p ro-
g r vs-... j, . ._. c l i:,n~ t· in lati tu d 1· c :111 11nt ht. · d 1~ t111 g- u1 :-,; h cd fro rn a :--ystc

rnati c t·r ror i1 ; p rcq1, ·1· ,nu t ion . 
. \ 11 ;11_\·,,.,,, f t h , · l" ,i ;ir 111 0 1i " n 111adl' :1ho ut ~o _\' l'ar.,; a fll' r th e 1. 1. .~. 

h, -.~:i n "l1t ·r . ,t i" n " in cli c: ,t , ·d tl1 a t t he c-,· 11tn· ;1bo u t \\·h1 c h th l' p c rio 
<li, · 111"t i"n 1""k l'}; ,n· \\ ·; 1,- n 1<> , · i11g" in _t hl' cl_i'.·cc ti o 11 uf :--; o rtlt 
: \ 1111-ric1 :it , I r .111· ., f .1 li , 111t 11 " -1111 :l [11 II ·llllh _\ T. I Ins ap p a ren t 111 0-

11" 11 <" 11 111<1 Ji, . dii , · 1,. 11, r,·,· ca 11 ,-1•,-,: (11 ) s ,-c td a r m u ii n n o f illl' po !C'. 
(h) h 11 ri z 11 ni ;i l cli ,-p l:1t·,· n w nt ,- .,f i11 di, ·id ual ,- tali o n ,-, a nd (c) a,;ym 
ni (•t,·>· <.f , , h-..,·r\ ·;1 ti 1, 11. 

I t \\'; 1,-, r1•L't1" 11i 1.,· cl tl1 :1t tlwn · \\'l' l't' 11 0 1 L' IH>ttg h n•s u ]t,- ;l\·a il a bk 
10 d i,-, tin_i,:i i i,- 1,'"' iil'l,\·,· , ·n tli l' th n'l' JHJ,-s ibiliti c,-. Tlw to ta l drif t in 
th,- c,• n t r " , ,f lll t1lion f rom 1!11111 t o l!I:!() \\·as O lli_\· a b o ut O"· OS. 
H ,· 11 c 1·. ,·a ri 11 11 s ii i,· ,- ,- ti ga ( ll rs n·aclll' cl cliff,, n ' nt c-0 11 cl u s io 11;;, d c
jlf' nd i Il g u p, 11 1 ,,·I 1;1 t , , t l1t ·r c-n n s id ,·1·a i io n s. ,-; u c lt a ,- gPnph_\ ·;; ic-a l. w e re 

t a k v n int " a cc1111 n1 . 
lt w as s 11gg,•s tt-cl in J!I:!~ th a t til l' a p p are n t -"<'C til a r m o ti o n o f the 

pu le, \\' a s clu l' t o ;1 i111 ri z<l nt ;il di ,- placc nw nt t o th e sou t h o f the I. L. S. 
s t at io n a t :lli z u s awa , J a pan . The , ·ie ,,· tha t :IIi z u saw a h a d m o \ ·ed 
b ec~t 111 , - w ickl y a ccepted . 

1 h l.' 111 ,•a n p os iti o n o f thl' in s tant a n eo u s pole fo r a n inten :al of 
a b o ut s ix y,·a r s. ca lled th e 111ea11 p ole , is prnc t ica lly free o f the 12-
;tncl l -l- - n111nth , ·a r iati o n s. J t \\·a s n o ti ced in Hl22 th a t the m o ti o n 
o f th i.; lll L·an po k \\·a ,- n u t in a st 1·a i" h t line. but th a t seeming ly 
s udde n c h a n g·l's in di1·cc ti o n occurred . Thi s phe n o m e n o n w as w e ll 
l11 a rk ccl by I !l,i -L 

. 1\ I th o u g h mu c h o b sc n ·a tio n a l m a t e ri a l was a \ ·a ila ble b y tha t 
tim e, it ,\·a,-; ,-; til l n o t p oss ib le t o d ec ide if th e r e w as a r ea l w a ndering 
o f lh l' po le- lwc; 111 sc of inho moge n l' iti es \\'hi c h had been introduced 
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intothc f.L.:--..n-... ult-.. ·1 ti, ·..:,-11, 1tl,1,,\,• I ... ,,,11, 111 •1 - 1,.,-,,l,,n 
tht:rr· ult <>fth ,· 1. 1.."'. 111d ,,f 111d,-1,. -1,,I, 1,1 - 1.111 .. 1 ",- th tt tit< 
cxi ... u ·nr<· etf a ""<.:111;,r 111,111,111 ,,f tl11 · ]"''' 11, 1 1 , ,1 1,,. ll I t, ,, , -, l . 

In 1!1.i!I a p11hlwat1011 ,.f 11,, · 1, 1i11 .1 I l \ 111, .,, 1 .. 1 11 ,, I I . - .• q,
pear ~d whi h n ·1110,·,·d 111 ..- "f , ti, I,, 111, 1J '" I - ,. 11 , , ... , ,1 11 11, , . 1 t., 111 t , ·. 

1 

By t his ti1111· n,·arlv fill \'• :,r- ,,f ,,1,,,-1, ,,11,.,, •.•.•·t, .,, . , 11.,1,1,· .,- ",•r,· 
impro\'1.-d fund.i1111·11t ,d -,-1,-111- ,.f 1 ,1 I'" 111 .. 1, .,11d !"'"I "''. 
motion""I . "flu· tntal ,1111111..!•· 1n 111, ... 111,,11 ,,f ·I ,, , , 11 1 1 , ,, 1 11 1•.tlt>ll ,d 

th· pole: ,inrc- t \J1 111 '"'' tli• 11 .t!,0 ,111 11 "-~ I 1 11 .. 1, 1 .. 1, ·'I 'I ..-.,r,·tl 
de5iral,Ji. lo mak, ., 11," -111,h ,,f 11,, I" ,I ,1 , 11 • o1 1, ,,, 

Thi~~tudv ~h,,w,-rl 111.111!,, 111,,11,,11 "' ti ,, 11,, 111 1,.,1 , 1,,,111 l'.ltttt 

to l!l.i!J wa, nr,t :, t r,111,I, ,1 ll . I ,111 , o1 1, I, ", · 11 1 , 1, 1 , - , 1, 1, , I 111,1 t I,, 111., l t 
cally,L, tlw ,um,,f.1-•·nil:irli11,·.11 111'.tto,11 , ,,.J ., J1i, 1.i11,,11 ,,t !"·ri,ul 
24 year. Th,· \ ';tr,r,u, r.r ....... - l,11)"11' 'i'!" ,1 '" I,, 11,, ·ol 1, · l.11i,·, '" 
,-ach ntht:r, a nd .\ 11,rn-:"'·' ~ I \•·- 11,, I, ,-1 111 ,1 1, 11 1.,11 .. 1 .1 11\· ,.f 
undergoing h1,ri1ront,d di-1,i,,. ,·11 ,, 111 ,. ·'i'i" ,1 - 1111 ltl,;, ·I\· t h.,t 
a yn1n1t·tryin t lH· J.I. ........ ,,h,, r\o1ti 1 ,11 .. , 111 ,., 1 ••llfll j., 1 l l1t 4,1, .... ,-r, ·v<l 
motion of tht: 1111 ·a 11 l'"I,· . 

,\ s ludyoftlw lat1t11d, - ,,_11d l, ,11~1 111,I, , ,t 11 1,i, !" 11,1, -11 1 , 1. ,1 1 .. 11, . 
a lthough r,f m11cl1 J, . ..,.., \\ •·11.:lit 11, .111 11,.,1 ,,f 11,, · I. I . :--. r,·,-11 lt , . 
in<licatt·, a ,,,rula r n,uti,,11 ,d,i<I, i, 11 1 , 11, .,1,1 \\ i1 I, 1 Jt .1 i ,l,·ri,·, ·,l 
from the: I. I. .:-,. o li-r·n·;, I i1Jt1 ,. 

Thc·rc thu~ app1·ar, t,, lw ,, - 11 , ,11 ,.: 1,1,,l ,.,l ,tlt l , · t l ,. it 111, . , ,· , ·11l :1r 
mot ion and lihralifl11 f,,1111,J f,,r 1:11 .. 11 , , 1:1.-,:, ., 1,. 1, .. ,J. I l ,,\\,·,·vi-. 11t • 
phy5i a l cau,·s for thr·,1· 1111 ,ti, ,11 , o1 1, k 11 ,," 1, .. 1111 1 tl,, .1·,· 1, 11 , , 
;i,~urancP that tit ,·,<· moti ,,11, "i ll , , ,11 111111 , , . 11111 ,., . r , ·,ul t, .,f 
the I.I. .. . and <> f ind•·Jl•·nd1·11 l , t .. 111,1,, \\' ill 1,, . :J\,ai 1,·.t "i th in 
terest. 

TI1t· di-cu.,_ i,, 11 ,,f th, · ~,-c,tl:ir 111 .. u , ,11 , , f 11,,· 1 .. ,1, · i, 111-,.,., .,1,-,1 h_\· ., 
<le cription of a, tro11,,111 i,·:ol 111, ·1li, ,<1.., , ,f d ,· t, ·nni11i11 ;.: 1.tt itud,· :111d 
longit11dc·. 

11. :\STRO:S,:O:YT IC: :\I , TJ•:C: 11 ~ I () t · ES 

I. Rotarion JJf the Eanh 

Thl! ,·a rtl, n,t:i t, ·-.. ;,l ,., ,11 :i n 111-t:1111;111 , .,. 11 , ., ., 1,. ,lt- ttlllt ·d / . . 
l:lecauscofthci,:ravna ti rm,il ,lltr:, c tion .,f 1h,· 111 .,, 111 ;111d s un Il l\ tl1t· 
~qualorial uulgc· <,f t llf : <':irll l . th,· 1Jr il'nt.,ti 11 11 ,,f / . i11 '-p :,n· ,· lt:111~,, :,;. 
fhc progrc-ss1v,· p:irt o f tli 1-, m"tinn i, , ·all , ·d />r,,, ,,s.,iu11 ,11 tc l th,: 

1111 
111 

2
_ Equatodal Systen1 . . \s1rono n1 it.:r1 l 

/. 
1
,;, .1,.,., ti,, . ,., .J.- , t i;, I -1• ltt·1·,· i11 1w .. p,, i111 , .\' a 11tl .\' ' . " ·hkh an' 

1·, ·.., 1•• ,. 11,.,· h· tl1t· 11.,r i l, .,11d ,,.11 th ,d,·.,/1r1/ /'_"f,s. Th,· gr<',l l c irclt· 
\ \ •lti <" li j ... 

1
, , . \.,- , \\ li t · tt· ~111 fr,lltl llH• ..,,· p, 11111 ~ i:-. tlh· c,·l.•.i;;. /1 al t't/lt lllr ,r. 

IJ,•c /
111

at ,n1t ,) 
1
.., t i n· . 111g 11l:1r di .... 1.111\°\' pf;, -.. t ;ll· f rn111 t h,· ,·qua to r . 

l'I 1•· 111111 11 i,, , i°_ , r ,11 , 1:, 111·,· i, /' !Ill <'. 
11,·,·. 11 1,,. , ,f t ilt' ,-111:i tl flll .,f 1lt,· ,•.1r1h . a ,.1,,r "1'1"'"1·,- 111 111, " ·,· 

.tl lfo11 1 .\'. ,l111rt1.dh·. ill ,I c in· I.- .,f r;1di 11,- /' · Tl111,. i'J 111:t \ ' h e· fo u nd 
111 :i fu iui;, 111 ,.11 1,,1 ;11a 11111·r ll_\ · 11 ll'a,;11ri11g th,·dia111c·t, ·1·.,f tlwdi11r11al 
•· iff l, · .. \ )'ht1 t t1grapli 11[ cirn1111p11l.1r ,; t;1r t rai l,; c,n1hl. i1 1 tlt,·or_\· . 

fun,i -, i , [11 11 ,1:, 111 ,.11 1.d cl ,·l·l in:1111111". 
111 p r;ictin· . fund:1 1111•111.d d ,·cli11,lli1111,- ;ir,· ohtai1wd \\'ith a 

111 .. 1·i,i;i 11 1r·:,n,i t c ird, ·. Th i, i, " t.-ll',C•l)'<' which h as Pn l:,, um· 
d1 ·g1·, ., . 

11
f fr,·, ·d,

1111
: it , 11pt ic :il a:--i,; 111:t _\' I> .. dirc·Ctl'd lo any J>t>inl in 

th,· 11, .. r-id i: , it. ,\ it , .,.,.,.11 1 i:d p ;i rt 11f tit ,· trano< it c ircle- i,; an an·n ratl'I_\' 
'I i , ·idvd l· ircl,· " ·) iidi, -11 a h i, ·,- ;1 n·,. ahlllg th ,· 11\l'ridia II t ,, lw 111 c•a,;un•d. 
1: 111 1tL1 111t ·n 1,d ,l ,·cli n ;it i" 11,: 11 f c irc 11 1ll J> <>lar ,; ta r,: arc' nht :1 i11ed b _\· 
11w;1s 11 ri 11 g th .. ;iltiti1tk>< :,t tr:111:-it a h 11, ·1· p11k a n d belo,\· pnk. ThC' 
fu11cla 1111 ·11tal d l'cli 11:it iu 11 o< 11 f ol lll' r ,- tars 111:t_\' b e ohla i1wd by lra ns

f!' r fn ,111 cin: 111t1J H1 lar star,-. 
Till· ci rcle n ·ad ing o f th,• n a d ir is fo11 nd b y p oi nting the instru-

111,·n t du\\'nward a l a ba"' in of IIH' IT Ut'_\' sn that th,• micro n1ctc1· 
thn•a d s an· ..,. .,.11 t n c-oi11 ci1k with tlw n -tl ec lc d i111:1g1·. The a ltitude 

. \ ..! 



h 

of a star may 1,t· d,-t,·r11ii11, ·d f,,.,11 11- , 111 I, r .. ,, 11: 1_ 
tran!,it and the ci rcl, - n·arlin..: ,.f t J, .. 1 ,.,, I 11 

Let .·I 1 and . I . h,· t Ii,• ;i I I i t, rd, · - "I ., , 11, 1111 'i" ,I,. r - 1 , , 
abon•1,ol1·;indiwJ.,11 p1il,· , r, , , .. ,11,,h 1:! l .,, , : 1 

., , , 

it 1 11111 ,d 

• I • .J l '- 1 I \ I ·1 l 

whichi,imlq,t·111lt ·ut 11f 11 ,.. J.,11111,t, ,,1 1l1 • ,11,,1 
Tht·c,1111pma ti.,11,,f. l , ,1,,I 1

0
,, ,,1111,-11,.,1,, ,i,,, 11,,11- -t ,.,111" 

n1adc f 11 r n:fraLti,,11 i11 -.. l n1111111t.il 11 1 .... 111 1 111,l ,J1, 1 ... 1,i11 . ri,11·._ ,,f 
thcci rclc. F<, r , t;i r,111•;1rcl, ·1!111., 11,,.,'.111 r l,, <1111, •1,111, ·1 11•·.,rr ,,·. 
tion!,for . J ,and.l .:i r,· , 111 .ill. 1111 )""111, ,1, , of rl ir, ,, 11 .,1, ,1 111.1 , · l ► t 
found by ohsl'n·in-~ 1lr, · , 1111 """ 11111,.,1 1,l.,11, 1-. I l , ·11< ·•· . 1111 1<1.i 
mental dcclina1i1111, ;ir,· fc,1111rl 11 11 I, ti, , !11:.; l1,·-1 .11, ,r r. 11 , . f.,r ~t.,i·, 
m·ar o· or !10 ckdin;, t i,,11. 

It may bt· 11r,t1·d tli;,t ti,, . 11,.,11 .. 1, , .f tli , ,, .. J, ... ,- ,I, 1111, •.J .t1, .. , ·, , 
d0<:, not ;1ffl'rttlw d1·cli11;11i,,r1,,f,1 - t,1r , 11,, · 11 1,,ri,,11 , .t / .. 11,,\\1·\, ·r. 
doc, affect it. Tiu· d1·t'l111,1ti1111 "i ll , 11. , 11 ..:,· . .. 1 ... ,1 11,, · - t. 1r Ii.,, 
proptr motion . f-1 1-1111•. 11!, dill, ·r, ·11• ,. 111 •I , , 111 1.,1 1, ,1, , ,I ., ~1. 11· .1 1 

two : poch!-. i '-1. d 1u• 1c , 1Jri ·n- ...... ,, ,1 1 111 11 . ,1H ,1 1, .11 1,I 1,1,, 111 ·r 111t• ti 1» 11. 

The: hr:-i t two 1nav lH' ,,IH.t i 11t·( I t, \ · • . 1 l1 11 l. 1 r , , , 11 . . 1 1 Jt) 1 ,1 , , 1 H 1· 11 H >l i 1 ll 1 

rnay then b · rl ,-ri\·•·rl. T lr,· 1, r, ,, .,.,. 111• -1 i, , 11 , • ,f - 1 " r , " 11 I, , 1.-c Ii 11. , ti, ,11 , 

from ab,Jut :!f> 1,, li<I :rrc· ,i , -1, rr 11i1w<I "1111 I, ,._ ·", , 11 , 11 , t 11 :i 11 1 lio~,· 
near the r·ttua1,, r ur 111,J.-. 

Tl, re . un ,q ,pc·ar- tu 111,,,·;• i1 1 ., p L1111 · , . ,11,·,I 1li, ,·, /1/,t i ,. Th, · 
i·enza/ tg11i1u,x i, t lw inte r --·< ti ,,11 111 J \\ , •, 11 1111 · ,., t ip1 i, · .111.J 111<· 
equator, a t whiclr the• d,•c li1 1:i t i,,n , ,f 11,, . • 11 11 i 11 , ,·,-. ," ·'. 

l<if!,ltta,ce11.1i,, 11 i, d ,· i'r n, ·<1 :r , 1lw .1n.~ l, · l1o·1,,·,.,. ,1 11 11 , .. n •., 1 t· irl' l,·,-
wh· l ~ 

ici pas, r<->JH·rt i\'(·lv 1lrr, ,11J.' l1 11,,, ' ' •T11 , ,I •·• 111i11.,x ;1 11, I :i ,t :11·. 
11lt;:i_, ure:rl P:i t w;,rd. 

l 
Obst:rvati<,ns ,,f tllf• ~1111 1,n,,·1d,· tlw ,,.,, ,1 1,,11 o ft Ii, ,·, ,u111"x and 

l le I ll J' · I f C inat1on ,,f t lr t: 1·q 11 :1[t, r 1" l )I• l ·(' liJ> l I< ' j L l\' 111 ,!.!' tlit'SL'. 

d
Urther observatio n, ,,f t lw - 11 11 wi ll J1n,n,t, . i t -- f1111tl:in1t·1 11 .1 l 
cch11·1t· . · ,, · I · 

antl t ion and ngfit :1sc(.'n:-, 1011 . ' ·' 11 •~<· r\ · 111:...: Ll1 t · ... 1111 ;111 cl ..;ta r ~. 
.· through u s<.: o f a n :r n1r:it1· 1'l ,H' k . f1111d:i 111, ·nt : ,I ri ••ht ;i ,;ct·11-
s1ons f . • '"' . . 

. · 0 s ta rs may bc 1Jbta 111, .,I. J· 11nrl: ,111,·11 1:d 1,.-,,p,· r· 111" t1<>1b 111 
nght as · · -. I · · - · · d .. cen, 1on m :tv h e: ddl'n11 111,, 111 ., 111,11111, ·r· :11 i ;il, ,;.:1111 ..; 111 tha t 

escnbe<I fo r tkcli1;at ir,n . · 
Observations n 1·1d(.' r1,·l·r i ntt-r, ·; il :--. t ,f :1h r, 111 1'1,·l· e,1·· ·1 .... • , ·l ·:, r--.. ;1rl• 

COJnb' . ' . . " ., . 
IIH:cl and ptrbli sl wd Ill tlw fon 11 11 f , , 1,-.., . ,· , ·;11i ,, 11 :,J , ·a 1, d 11g 11 ,·,-, , 

J 11 E l '< )J. E 

F ro 111 .· f 
1 

. .-·ien diu•• (l\'c•r iuk1'\'als u f .i ll t o 
.i .... ,. , h ·:-- 1 1 .... ,1 c fi ..- t l ~l n° 11 c.• ... . l ·' ~ 

11111 \ ',, ,,· ti I. I :~ 1 , , ,· itin11, f,, r t llL' llH':111 qmch and 
. • -..., ll ' J 1 • 111. t\· )t' l l'rl\' t•( l :"' 

;tJ _,, ,,,·, J ... · . ·1·1 . 11 ·titlll l' .l f11t1cl:1111L'J1t:1 l ">':':kill . 1 ll I ll ) I 1l It ,11..... 1, •..,(' l l) .., 

\\'h id , j, 1•11hli ... l11 •d . , ... , I l1111d:1 1111 ·111,rl ,·,11.tl•':t.:' llt'. 
< · • Ji • · ind,· 1n th,· , ·i.d 11, ... 111h a nd 

• 
11 lli •J .t ., · .... , .. ·.1k 111 ~ . ••h..;< •f\",l(ll)ll:-- I ' . • 

ll111,•1,•,· n1l 1 ,·, ·11111 ri, ·, · ar,· ;di<'c t,·d b ., · ,.._, ·"t, ·11ial1c _,' rr, ,r, \\' l11 c h a rc• 
1i1u .. h l. in..:,-r th ;in 11 1.,..,,. ,, f .,1,~"n·.tlic>u, m,1d,· 111 the t\\'e ntit•t h 
1·1·1n11r_, ·. . \ , 111,,, .n ·:iti,.n, :1n· t1 m lll :itvd it lwc1m.:- possib le t o 
1ncr,•:i-..,· 1111 · ,,r·, ·1·i ... i,,11 ,, f f1111d .11u,·nl :1I c.d:i lll/,! 11<'~ . h_,· clr<>pplllg o ff 
tJi, . 1dcl,·, 1 ,..,.1-i,· ... p f fuJ1dauli ' rll :rl p i,,-, ·n ·a ti n 11,;. l l1l' funda 111L'11tal 
c ,u , iJ .,i.: 11 , . .., k"" " .11 "" 1.-1,-:; a ml r; .r ·. Ji:,,·,· 111t·an c•1mch, o f :1bo11t 
_J! 1<ll1 .r.. ,; T li,· c:, t ;,I.,:.;ll<' .\ ·:;o Ii:,, a 111,,;lll l'puch u f a bo ut IH:W. 7 It 
is b :b,·,t 1) 11 " ' "-•·1Y:1t irn1 ;,I c-:rt :1', ,g1w" \I'll<>:'<' m e an <'P•Kh,- a r ,• frll111 
1:11_, 1 .. 1!1-l !J . 1: 1,·:; " ·i ll 1,,, r ,· pl:w, ·d I,>· :111 imprtln·cl c :it a log u l', 
I · J, ./ . :ri>1111 1 I !l ii:? 

Th,· i.: r:1el 11 .tl i,; c r, •.1~l' ;11 :lccu r:ic_,· .,f f1111d .111w11tal cata logues 
llh·:111 , 1l1:1t ,..vniJ, 11- e· l r:inc;-,·,-. ;11 l:r ti tudc ma,· I>,· d,·kn11inn l \\'ith 
i 11c rt ·a--.1·cl 111·\·t· i:--i ,n1 :1:--- ti111.l']..: 11t·:--,111. .\t p n \~t· lll . in l!l .tH . :--y:--tt ·rnatic 
•Trc,r-.. i11 1,r .,1,,.r 11, ,ni.,n, o f th<' .,nkr of ,;,·,·,•r :r l t l11>11:<a 11d th,; o ( a 
-"~To 11 <1 1,f ;1n· P \ 'I' , ·,·;lr , 11 •1, . i ·'.'.:i :-: t lJl t·,·t•Jl tht., 1110::. t tn od l'rtl cata-
1,~.l! ll1 ·.... . 

3. Astrono m ica l I.atituue n n d Longitude 

Pe,,-. iti111i,, <>It t J11 , .. a,·th lll:r \· h,· d esign at c ri 1.Jy g i,·ing tlw a s tnmo
ll i ic; ,I l.oti 111,J .. , 111c[ J11 n,,i llld:·. Thec-e cunrcl in a tt's cannot he- llSt'd 
cl irvct ly 111 f11 r 11 i,;h 1111 , ;,.,rnH't r ic p o,; itiu n u f a s tatio n w ith rcspl'c-t 
t., llw c, ·111 1·,. 11f 111:,,-,., , ,f tl iv , ·art h h ccall:<t' of thP e x1st.:-nce o f 
,l; l';l\·i I., · ;111 .. 111:di,•,:. J I, n,·, •\' i·i·, 1 lte·,· m :r ,· b e d,·t cnnirn·d \\'i th high 
p r·, ·c i,:iCJ11 a ncl :rn · thvrl' f .. n· 11 ,:<' fll .l for ·st11ch·i11g di:-pl:rCt·111t·11ts o f 
s t;'.~i1111~ :r11cl tli,· 1111,tio11 of 111<· pnl, ·. 

1 Ill' u1sla11/"11 e:011, "s/r,, 1111n11 .-n / /etl i /111/e:, </, . u f :r ,;la tio n . ,'>·. is llJC• 
con1plc-m .. 11t o f t he · ;11 1glv I H'l\\'n' II the n·rtical a l .s· a nd a l ine L, 
th r o ui.:h .... ; \\'lri c h j ,; p: ir:dld t o rh e ins l a ntaneous :1xi:s of ro ta
t io n . / .. 

L f'l V. h · tlw p laJLt• \\·Ji ich cont a ins tlw \'1' r t ica l a n cl L ,. I.e t Q,, 
hc: th,· p lane \\'li ic h pas,-t·~ th rough the , ·ertica l ;u1d a line parallel 
!0 L :it the . \ i1·:-• tra nsit c ircle o f (;rp.:-11\\'ic h , at the o r igina l si t e . 
rh c angl1· l>l' t\\"N•11 (). :rnd (J., j .., t h,· i11sta11ta 11co11s aslro1111111ical 

ln11g,t11dc. 11 1' ,..; _ 



\\ . \ I \ I h. • ,\\ I I / 

ltrnayb<· ,hr,wn 1h:i1 11 ..- l.111111,I, 1-, ,111 .. I 1 .. 11 ,, .,!111,,.t , ,.f 11,, 
c1·le,1ia l pol,· at a ,t;,1iq11. 

-1 . De 1c r mina t io11 o f l.:ititudc· 

Latitud<· may 1,,. rl, ·t, ·111111 1,·d l•\· , ,I ,-, n 111..: 1 I,, /• 1111 I, ,1 1,1.,11.-, · 
~.of a~ta r o f knc,wnrk,lin:111•,11 l ftl, , ,,!,-, ,, . ,11o,11 ,, 11, .,, l, · 111 ti, , 
meridan ,,·<· J1avc· r/> 1> ~. \\h, r, ,· ,_ 11, h.1,11, ,l ,,,,-111\1· 111 tli , · 
north. %:t-nith di, tanc:,· 111:i _,. 111· 111•·. ,-n ,, ,1,1111 1 tit, · :11,I .. 1 .1 c: 1,1, li1 
a((d circll' anrl a ,pi ri t ),.,.,. 1. 

~lodcrn fickl irh lrtllllf'llt - ,,f 1f,. . 11, .. -1 1•r•, 1-,· I\' )" ' 111il1/,· , · i n · l,· , 
<:ngran:d r,n g la,,. llr·,pi1,· tl1, · , 111 .tll ,1/ , · , ,f 11,,·, ,.-. I, · . , J,, ,111 ;1 i11. 
rliamcter, th e- rc·:i rling, 111:i\· h,· 111;,rl,· 1 .. , ,l, .. 11 1 1 · · 11 1 ,,. 11 ,,· 1Ji, ·,,d .. -
litt·s. 

Thcaccur;,tc•rl,-1,·r1111 11 :itt•,11- ,,f !.,1i1, :d,· ., 1 11,, .,1 - 1., 1, .. ,1, . ti,", _ 
(·\'l· r, uti lizr- 11w 1h,,d, wlti.-lt :l\ ·,,,,f iii , ,,,,. ,,f ~ , ,d11.>1, ·,l , i1·,· J, ., 

r:ntirc·ly. 

.\ . fl .,,.,.,.1,, ,,. / ,,I, .. 11 .\/ ,/1,,,,i 

.\ ~uitabli· p:1i r <J f .., \ ;1 r -.. ,, f ku11\\' l1 cl, ·, li 11. 11 11,11 ,) 1 ,l l il l ,):! . n·--.J>t , · 
li\'ely, i, ol,"•r\'f•d .,t ,,..:, rh· ti ,,· -;,111, · .tl11 1t10 I• · i11 11,,· 11 1,· r id i :111 . 
1111 t· In thr· non li a 11rl 1lw .,tJ wr J,, I I, ,. , .,111 !, . I ! ,,. 1, !, ·,, ·,,,"' 1-
n-,·r-rs('(I ab,,ut:, , ·,·ni c.tl ;i;,; j, 111 -1,1,·, ·11 tlw ,,1 ,-, •n .,1 i, ,11,. I Ii, • 
inc li nalion of tli,- r,ptica l :1., i, t,, iii, · ,·,· rt i, ., I i, k , ·1o1 1111· ,. 11 11,· i 11 th , · 
twu pnsition!-i by nH·an-.. t,f :1 ... l' i r i t 1, ·,·•· I. ~l1t-r11 1111 ·t t ·1 .... , -t1i 11 t.:. ..... arl· 
made on (•a;;!t ,- ta r " ' it tr:ii l- 11, 1 .. 11~ !1 11 11· ti , ·1, 1 ,, r " ' '" . T l ,,· 
lat itnrlc· j,; 

where: (r 1 

into :i.rc . 

ti' I ·> 

B. Phuto1;rapl1ic /.,•111!!1 '/'1r l,,• ( / '/. F ) .\J ,·//1,,,I 

This m<'thod is a f, ,rm r, f tit<" pr, ·c, ·<li n g <> 11 , ·. Tl11 · ,-. 11 11<· , t:1 1· j ,. 

photog rn phc-d nc:ar th,· z1·11i t h \\' itl , 1111 · l, ·11 -. :11 1<1 p l,11, · rot:tted ;1,- ;1 
unit , severa l t ir m·s, th ro 11g l, I :-1 11 I l ,·11n·. ;:; , ,)0 . Tl , , · 111 P;1,-111·l' 
ment o f (r

1 
- r2) i, m a d ,· \\' it !, a 111, ·:i-.u r i11 ;..: ,· 11.c: i 11 •·. Tli, · i<>c:11 

sidereal time· is d f' l 1·rmi 11c·cl s im 11lt , 11 "· ,111-- h ·. 

I 111 
I Ill 

c·. /) ,o tioll .l.,/ro/,1/, .ll,·lltt1d 

I Iii-. · 11 •n t ,·d in c1111j1111c1io11 \\ith ,t c loc k. T lw 
· l)htn11111 •n1 , ... 11 t ' . . . 

'•1-.1.1111 i,- d,·1, ·1 J11i1wd h _, . .,1>-.,•n ·;1 t JOll \\'l1,·11 th,· z,·11 '.th d hta11c<' n[ 
·1 , 1 11. · .1 1

, I .,., .1· 11 .. ;1 m 1111' 1<•r of ,- 1,1 1'-' ol kno\\'11 ri" ltt 
' 1--. . ( I -, \ • 1) 1-.l ~ , . • • ;..., 

-i..,c1 •11 --.i1111 .ind d ,•cl i11.t tiu 11 i n '-·,1 r~nu..., :,.1.11~1u th;-; 11 1...:. po..;:-:i hlc.. .. t~, 
,) \' l ,-r111i111 · th,· l.11i111<I• · .11 111 l, ,c,tl ""kr,•,d l tflll•. 

. 111 .,11 .,f ti lt· 1h n·,· 1111 ·tl1nd- , J.,,-c rd l<·d t lw ub,-1·1· , ·a t ion". ,·~:-,•11-
11-tli_,·. -11•, , 111:td,· .11 , ·q11,1I ,,l 1i111d,·~ l>tl "jlJhl~Jll• ,1d,•:< t1f 1lr,· 1.,•11 it h. :r 1_,1:· 1·,· f1.1t· tic,11 dq1, •1td~ .. 1t1_, · llj l,\)l.l -: ' 1i111d,· a n d Ill>[ lljll lll a 1.i11111tlt 

h r,•-.11!1., an· i11 d q ,, ·11 d, ·111 nf "f1.1t 111>11. 
. I l1t - l., i ,tud,· ,,1,1. 1111l-d j-. d , r,·!'1 1_, · d q 1,·11d,·111 llj H>ll t h,· d<"c:lina-

11" 11 , 11 ,,-t! .. \ ,\·, 1, .111 ,11 ;c .. rr11r i11 1h1· pn1p,·1· 111oti11n, \\'ill c-a 11s1• a 
~P11~·itttt-... 1,r, )~ ,-:-:----. i,·r cll., 11 :...:l· i n 1~ui1udt:, ·r1tvrl· _a n· t\\·o " ·•t~·:-. nf 
·" ·" 1di 11g t l ,i-. "ft ,·ct. c >11 , · i-< to u:-,·., cha111 11f ,-ta ll tll l:-- 011 th,· "a111c· 
J•; i r:di " I. Tli,· ,, t l1< ·r i,- t 11 11 til i1.1 p l,,;,·n ·:it it1t1!< ,,f ci rc umpo l:1r :-- tar:<. 
I t •·. 11 1 r,,, ,,Ji h · I><· , l, ◄ 1 \\'11 1h:11 

,{, ,. , , 
\\' ltic-J, i., j 11 ,11.1,, .1ul,· t1 I "f t li, · d,·c li11:1ti, ,11 11f tl1<• ,; f:11· o bs,·n·,,,I. 

It h :h h, •l' 1t ln·qw·11tl_, · ,.:11;..:.~,-~ll'd t hat cir;;11111rola r t ran,-i l ob
'>v n ·:i 1i , ,n~ 1,1, u -<L"<i 111 ,t 11 ,h· ,-l'nd:ir c h a11~1·:- in lat itude' . Tlw t ra11,;i 1 
c·irc l,·, :ir" 1ksig 1J L'il . Ji11 ,n·~·l' r . fo r t lw clt'tl' rlll inalion llf ,lt-clina tinn,; 
t '. '.~ •·i g l,_t a ,-c· , ,1b i1111 ,-. l.: tl i1u d ,· ,:1 11 11111 lw accnratc-1~- clL't.- rrni nP<i 

11 '.1 11.,,, 1l l':Jnn"t lw \\'l' II ,-;,·p:iralt'd fro111 c,l hl'r u11k11nwn:-. ,;11c l, a, 
r·vfr:tc t i, •11 . fl .-x II r, ·. a 11cl d i\' i,-io 11 ,·1-r11rs. 1:or t h is rr•:1;:011. thC' la ti t ud,· 
'. 1v t ,· r111 i11l'l l ;1,; :i ll\·- pn ,d uct through 11b,;,•1T:1lions o f c ircumpo la r,; 
,~ n ut c11 11si1kr •cl ll\· a,-; tn >1H>llH'I":- a ;; ha , ·i ng hig h p rc'Ci:--iun. 

C., 11c11rrl'11t tll'll'i 111 i 11 ali11 n., of la i itutll' o h lain.-d \Yi t h t lw ti in. 
and!) i 11 . Lr·an :;i t ci rcl<"s u f th,· L-.~- :'\ :1 , ·:d Ub:-e 1Talon · al \\"a~h in u
Lc,11 i!lu :; tra t , · the unce r t a inty i ,n·uh-cd. l. B. \\'att~. F . 1'. Scot~. 
. \ . :\ .. -\d ;i m,;, a n d ( ; . , ·an H,•rk l1;1,·e pro, ·iclecl m e wit h th1: 
f,, llu w ing dl' t1·n11i11 ;1 t i1111:-- o f lati tu tll' ; 

J 11 1 L0 I \ ; 1 J 

I !1 I l 1, 
I!•~ .-, ;(11 

I !1:hl :t:. 
I !l:lt ) -11 
I ~•-i I I ! I 

J.a 1 1t11dl..! pj i 11 . 1 

:~.... ;,.-,· 13 " -7:i 
1:,, :-., ; 
1 :i-1 7 
I :l-st; 
1:( -!I I 

l 1H~lTal 

l!lfl:l - 1:l 
IHI:J I;,,.. 
I !I Is ~: . 
1 !1:L"i ,L-i 

l.,l t itrn lc I! • i 11. ·, 

:is" ,~.;- 1-1" -117 
13·:ll 
t4-o; 
I :1•7:t 



Least,quar~,olutio1h i11dica tc · -l11ft, 111 l.,111 11, I, •• I 11 ·-11111 ; \ 1 
for the fii n. and - o" -11111 ,-r f"r 11,, · i1 111- 1 11< 111<11, .11 , ,Ir, l.1ti\ ,· 
shift in latitude· in -10 \·c·ar, i, .d ,,,11t 11 "•.", " ' .-,11 ft \\ 11 Ii t I,,· 
two inst rumc·nu, locau·d -,id,· IJ\· ,1,I,· I 1; I ft ,1 1 ,. 11 1 11,, ,,wh d 1,
placemcnt occurrC'd. Th1h, w, [':, 11 11, ,t r,·h· • ,11 , 11, 11 n11 » ,l.11 , ,I", n .1-
tions for precise informati"n r,11 Li11111dc·, h.lll'-.'.• ·-. 

5. J,011 1.titu<le 

Thcdiffcrcnc1· in lon!{it11cl1· h,· tw, ·, ·11 t"" , 1.,11 .. 11 - 1, .. 1,1,,i11t·d ln 
determining the local timr·,and mi ·:1,111111'-.'. t h,· rl1t1o-1, ·1w ,· wi th tli,• 
aid of radio t imr· , ignak 

The most accurau· nwth•,d .,f 11 1.,11 11 »1 111 ..: t i1 11 , · , 1'-.'. 11., I, i, I> \ · 11,, · 
of the cathode ray ,,,ril11J,,..,,,,._ T lw i11, ro1111n '-.'. , ic: 11. 11 i, d i, 1d:n·, ·d 
on the o, ci lloscop<:, a iring ,1·i th ti111, · 111:,rk, ·1, 11r• ocl 1w,·d I>,· :1 1 .. c .tl 
clock. The leading <·dg<· <>f 1h, - , ig11:d 111.1,· J,. . ,, .f, ·r r, ·, 1 1,, 111, · <' lo ch: 
with a pr<:ci~i,m of :ih,rnt <1 -111H1.,. '11 11· ,·.,1111•,1n ,,,11 J,. ., " , ..-11 l'l o <"h:, 
at distant s tati1Jn, i11\·<>h•, ., a , 111:ill 111 , .. n .1 11 11\· 111 t h , · 1r:1 1·,·I 
time of rad io ~ignal, . T h, · 1111:il 1,r11J,.,l,I<- , ·1·1,,1· , ,f ., , ·,,1111,.1ri,,,n 
between distant cl,>ck, \\'lwn tlw 11, cill,," ." I"' i, 11 -.·, I i, :tl ,,,111 
O'·OOJ. 

6. Jnstru n1c 11ts 

.\ . 7.c11itl1 'J rt,·."«/>•' ' 
The teb,cop<:s u,<:d hy tli ,· l11t c·r11:i t i .. 11. tl l.;it itu,k :-,,• n ic ,· :in· 

of 4<! in. aperture and :;ti in. f,,r·:i l l,·11,c.:1 !1 . Ti ll' t 11h,· i, 111 ,,11 11tt-d a t 
the end of a coun terba lan,·,·d 111 ,ril.0111 ,,1 ;i:--; i,. "hid, i, ,11 pp<>rt<·d 
by a vert ical axis. The· tulJt· j;.; frc ·•· t" 111",·• · i11 tlw p l: 111<' .,f thv 
mcridian, citht r cast r,r m·, t of tl lC' \·1·rtic:il ax i,-. _ ah01 1t 11·hic h tlw 
telescope may be rota ted . A di,·irlt-d c irck i,; 11,;('d fo r ,;dting 
the telescope, but t he lat itudr· d1 ·ri1·,·d i,; d,·p,·11< !,-11 1 ,m l~· up<> n t he..· 
readings of the level and micrrim•·tc •r. T he • l"''>h:d,1,· c·rr<> r of thC' 
latitude for one night is ah<J11t !J'' · 1 o. 

A large zenith telescope \\·as d l' n ·lnpt·d i11 tlw l. -~ -~ -I~. for u ,-;c..• 
during the In ternationa l Ceophy sical \' l'a r. T h!' :q>l'r t u n· i,-; , · I i 11 . 
and the focal lr ngth is H:{ in. :'11icn!lndcT ,.,. ,t ings arl' mad<' 
visually, but the rcarlin~;.; of rnic ro rnd,·r :i 11 d lt·\·.-I ,; :in· 111:,dc 
photographica lly . 

Fig. I. 1/.t._•11 i1li l t.·h .. ::,,c( 1p c..- at l11t crna t in11al Latit ude Station, Carlofortc. 

B. l 'hulugmj>h ic 7.,:111//1 J'ubc 9 

Thl' ,,, ,tica l axis of th1· 1'1/,T is d irected to the 1,c11i th . The ray:; 
()flig h t fnJ111 a ,-; t a r p:1,, thrnug h thr lr11s to n basin of m ercury , a rc 
retkc lt'd, a11d crn11,· in a fm·11s rn , a photograph ic plate \\' hich is 
pl~1n ·cl j u., t 1, .. 1 .. 11· 1111 · l,·11 ,. Tli,· 11l:1t l' is h, ·ld by a p la k -carriagc , 




